One of the key factors determining the effectiveness of pepper anther cultures is donor plant genotype. The stock material for androgenic embryos inductions is usually made up of hybrid forms, since the higher the degree of heterozygosity, the greater the chances of producing regenerates with unique genotypes. The aim of the presented research was to evaluate individual plant reaction in anther cultures for the C. annuum hybrid ('ATZ1' × 'TG')F 2 , interspecific hybrid (C. frutescens × C. chinense)F 2 and androgenic DH line AT6. The effectiveness of androgenesis was determined individually for each plant as the percentage of the embryos produced compared to the total number of anthers cultured. In the hybrid ('ATZ1' × 'TG')F 2 , anthers of 19 out of 20 plants evaluated produced embryos at a rate of 0.5 to 16.5%. Anthers of the AT6 DH line formed embryos considerably less frequently. A positive reaction was recorded for 13 out of 20 plants and the effectiveness of androgenesis did not exceed 3% for this genotype. The lowest androgenic response was recorded for the hybrid (C. frutescens × C. chinense)F 2 , where embryo development was observed in only five out of 19 plants and the effectiveness of androgenesis did not exceed 2%. The ploidy level of the regenerates was defined cytometrically. The analysis revealed the presence of haploid and diploid plants among the regenerates of all the genotypes evaluated.
INTRODUCTION
Both local and international research into induced androgenesis of pepper concern mostly the domesticated species of C. annuum (Ercan et al. 2006 , Supena et al. 2006 , Kim et al. 2008 , while the applicable literature provides much less information on wild species and interspecific hybrids representing the Capsicum genus (Mityko et al. 1995 , Niklas-Nowak and Nowaczyk 2009 ). The earlier research results point to the fact that the effectiveness of androgenesis depends on many factors, including species, microspore developmental stage, composition of media and in vitro culture conditions (Özkum Çıner and Tipirdamaz 2002 , Kim et al. 2008 , Niklas-Nowak and Nowaczyk 2009 , Lantos et al. 2012 ). However, the crucial factor determining the effectiveness of androgenesis for many species, including pepper, is clearly the genotype of anther donor plants ( Kristiansen and Andersen 1993, Nowaczyk et al. 2009b ). The stock material for the induction of embryos most frequently consists of hybrid *Corresponding author.
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forms, both F 1 and F 2 generations (Choo 1981 , Nowaczyk et al. 2009b ). The research determined that the higher the degree of heterozygosity of the maternal plants used for the induction of haploids, the greater the chances of producing forms with the unique genotype that can provide valuable breeding material. Choo (1981) confirmed that among the androgenic regenerates of the F 2 hybrid generation, even 50% more favourable recombinants can occur, as compared to the doubled haploid population produced from the F 1 hybrid generation, especially when accompanied by gene linkage. The aim of the present research was to evaluate the response of individual plants of two pepper F 2 hybrid forms and the DH line derived from the intraspecific F 1 hybrid for the conditions of in vitro anther cultures.
MATERIAL AND METHODS
The research material consisted of F 2 generations of the hybrid between cultivated lines of C. annuum L. 'ATZ1' and 'Tomaticat Giallo' ('TG') and an interspecific hybrid between C. frutescens L. and C. chinense Jacq. Androgenic responsiveness in anther culture was also tested for the DH line AT6, derived from the anther culture of the ('ATZ1' × 'TG') F 1 hybrid. This line was included in the research material to serve as a genetically uniform control in comparison to the androgenic responsiveness of the analysed hybrid F 2 generations. A detailed molecular and morphological assessment of the AT6 DH line as well as its parental form was previously presented by Olszewska et al. (2011) . All of the materials were obtained from the collection maintained by the Department of Genetics and Plant Biotechnology at the University of Technology and Life Sciences in Bydgoszcz, Poland. Anther donor plants were cultivated in unheated plastic tunnels following the agro-technical practises typical for annual pepper.
Flower buds were sampled from 24 June through 3 August, individually from 20 plants of the hybrid ('ATZ1' × 'TG')F 2 and AT6 line, and from 19 (C. frutescens × C. chinense)F 2 plants. The collected buds were rinsed with 70% ethanol, surface-sterilised by shaking in a 5% solution of calcium hypochlorite (CaCl 2 O 2 ) for 10 minutes, and subsequently rinsed three times with sterile distilled water. For each plant, 200 anthers were cultured following a modified procedure by Dumas de Vaulx et al. (1981) developed for C. annuum L. The anthers were placed onto a CP induction medium, containing 0.01 mg dm -3 2.4-D (2.4-dichlorophenoxyacetic acid); 0.01 mg dm -3 kinetin and 5 mg dm -3 of silver nitrate. For the first eight days, the anthers were incubated in the dark, at 35°C. Afterwards, the culture was continually exposed to a 12-hour photoperiod, and to a temperature of 25°C. After 14 days, the anthers were transferred onto the R1 regeneration medium, supplemented with 0.1 mg dm -3 of kinetin. The emerging embryos were subsequently transferred onto a V3 medium without growth regulators. To solidify all the media, 3 g dm -3 of Gelrite was used. The regenerated plants were acclimatised in the greenhouse.
All of the observations during the experiment were made in the course of four months. For the genotypes evaluated, the number and percentage of obtained embryos against the total number of anthers placed onto the CP medium were determined. Considering the low level of contamination observed at the different stages of the experiment, the effectiveness of androgenesis was calculated only for those anthers that had not been contaminated during the culture.
The ploidy level of the regenerates was defined using a Partec CCA flow cytometer (Műnster, Germany), equipped with a HBO-100W high pressure mercury lamp. The plant material for cytometric analysis was prepared according to Galbraith et al. (1983) . Young leaves of C. annuum L. diploid annual pepper (2n=2x=24) were used as the external standard. The results were presented in the form of histograms and analysed using Partec DPAC V.2.2 software.
RESULTS AND DISCUSSION
To define the relationship between plant genotype and the effectiveness of androgenesis, the individual plant reactions of the C. annuum ('ATZ1' × 'TG') F 2 hybrid, interspecific hybrid (C. frutescens × C. chinense)F 2 and DH line AT6 were analysed (Tabs 1-3). A clear variation in the effectiveness of androgenesis was found among the three tested genotypes. The highest efficiency of the process was noted for the plants of the F 2 hybrid between breeding lines of C. annuum. In anther cultures of this hybrid, a total number of 141 embryos were produced, and the average effectiveness of androgenesis accounted for 3.53%. As for DH line AT6, an androgenic response accounting for 0.83% was observed, while androgenesis effectiveness reached only 0.24% for the interspecific hybrid (C.
The results of the present research confirm previous reports demonstrating that the higher efficiency of in vitro androgenesis is usually observed for breeding forms of C. annuum (Özkum Çıner and Tipirdamaz 2002, Buyukalaca et al. 2004 ). Individuals of the F 2 generations of the C. annuum hybrid, as well as the AT6 plants, were characterised by medium-sized, bell or round shaped fruits, which are considered to be characteristic for highly androgenic-responsive pepper genotypes (Mityko et al. 1995) . The effectiveness of androgenesis for other Capsicum species and interspecific hybrids is usually considerably lower , Niklas-Nowak et al. 2007 , Niklas-Nowak and Nowaczyk 2009 , Nowaczyk et al. 2009a , which was also proven in the presented experiment. According to the literature, cultures of isolated microspores are very often used as an alternative way of obtaining haploid plants. However, the effectiveness of pepper microspore culture protocols available up to date has never been comparable to the efficiency of Capsicum anther cultures (Ferrie and Caswell 2011, Irikowa et al. 2011 ).
Additionally, a clear variation in the individual response was observed among the analysed plants of all three tested pepper forms. The highest effectiveness of androgenesis (16.5%) was reported for one plant of ('ATZ1' × 'TG')F 2 (Tab. 1). The anthers of four other plants of this hybrid produced embryos at a frequency ranging from 6 to 7.5%. As for the other 14 plants, the effectiveness of androgenesis ranged from 0.5 to 3.5%, and no embryo development was noted for only a single plant. A lower androgenic response was observed for the plants of anther-derived line AT6 and interspecific hybrid (C. frutescens × C. chinense)F 2 . The anthers isolated from flower buds of 13 plants of the AT6 line produced embryos at a frequency ranging from 0.5 to 3%, while the other seven plants did not respond positively to the applied in vitro culture conditions (Tab. 3). On the other hand, only six out of the 19 plants evaluated for (C. frutescens × C. chinense)F 2 showed a positive androgenic reaction (Tab. 2). The effectiveness of androgenesis for this hybrid ranged from 0.5 to 2%. About one third of a total of 183 embryos produced developed into plants of the right morphological structure, which were acclimatised under greenhouse conditions. In the anther cultures of 20 plants of ('ATZ1' × 'TG')F 2 , a total of 141 embryos were obtained, from which 46 (32.6%) developed consequently into mature plants. For the AT6 line, 33 embryos gave rise to 13 plants (39.4%), while for hybrid (C. frutescens × C. chinense)F 2 , nine embryos were produced, five of which regenerated into plants (55.5%). The present experiment recorded higher values of embryo regeneration as compared to those reported by Supena et al. (2006) and for C. annuum, as well as by Niklas-Nowak et al. (2007) for hybrid forms.
Plants developing in in vitro anther cultures are most often haploids or diploids; forms of a higher number of chromosomes appear only sporadically. The cytometric analysis, which covered 63 regenerates, showed the presence of both haploid (32 plants) and diploid forms (31 plants). A single mixoploid plant was reported only in the case of the hybrid ('ATZ1' × 'TG')F 2 . The literature on the ploidy level of androgenic regenerates suggests that diploid plants can be produced in both anther and isolated microspore cultures of pepper and are most often the result of spontaneous doubling of the number of chromosomes at the early stages of haploid embryo development (Dumas de Vaulx et al. 1981 , Mityko et al. 1995 , Gyulai et al. 2000 , Supena et al. 2006 , Lantos et al. 2012 . Depending on the genotype, spontaneous diploidisation of microspore-derived pepper regenerates has been observed with a frequency ranging from 13 to 51% (Supena et al. 2006 , Lantos et al. 2012 , while anther cultures resulted in up to 65% of spontaneous diploid plants (Mityko et al. 1995 , Gyulai et al. 2000 . We conclude that the spontaneous diploidisation of almost half of the young haploid embryos also occurred in the presented study. As it was visually observed, all the obtained androgenic regenerates formed inside of the anther, and at the early stages of development both haploids and diploids were characterised by a similar morphological appearance. Following the method presented earlier (Olszewska et al. 2011) , biometrical assessment will be performed in the subsequent generations of the diploid regenerates to additionally prove their morphological homogeneity and microspore origin.
According to many researchers, donor plant genotype is the essential factor determining the effectiveness of androgenesis. A variation between genotypes has been demonstrated for many agricultural and horticultural plants, including the species representing Capsicum genus , Lantos et al. 2012 . The research shows that genetic differences in androgenic response can occur not only between various species, cultivars, and hybrid forms but also between individual plants of a single cultivar (Kristainsen and Anders 1993, Irikova and Rodeva Nowaczyk et al. 2009b) . We conclude that the differences detected in our experiment between individual plants of homozygous DH line AT6 might be the effect of a physiological variability characteristic for in vitro plant cultures. Additionally, they can also reflect some variation in the developmental stages of microspores in the anthers exposed to culture conditions. The results presented here also clearly confirm the variation in individual plant reaction of the two evaluated F 2 hybrid generations, as well as the DH line. The highest effectiveness of androgenesis was recorded among ('ATZ1' × 'TG')F 2 hybrid plants. Anthers isolated from the plants of the androgenic line AT6 showed a slightly lower response, while the interspecific hybrid (C. frutescens × C. chinense) F 2 plants produced significantly fewer androgenic embryos.
CONCLUSIONS
1. In the presented work, high differences in androgenic response of the individual plants of the tested genotypes were observed, which confirms that donor plant genotype is the essential factor determining the effectiveness of androgenesis in pepper anther cultures. 2. For the C. annuum ('ATZ1' × 'TG')F 2 hybrid and the DH line AT6, an androgenic response was observed for most of the plants tested, whereas in the anther cultures of interspecific hybrid (C. frutescens × C. chinense)F 2 , androgenic embryos were only produced for six out of the 19 analysed plants.
